Introduction: Women have unique healthcare needs that are not well addressed by our
potential to empower patients by giving them access to their own health data. myAva is an example of an LHS integrated into a cloud-based, patient-centered health platform that empowers women to advocate for their own healthcare and health outcomes through the use of precision medicine. myAva was founded by a patient (author, S.S.) who experienced firsthand many of the problems that exist in the delivery of women's health care. The platform is named after the late Ava Dale, a courageous woman who taught the author how to advocate for herself in her healthcare. Based on her own experience, Ava encouraged and emphasized the principals of self-advocacy and patient empowerment to women who had suffered miscarriages or early infant loss long before "patient engagement" became a catchphrase. With Ava's guidance, the author learned that her role as a patient went beyond being a mere bystander in her own care. Ava's gift was one that she soon realized needed to be passed on to other women and was the inspiration that eventually led to the creation of the myAva precision health platform. The goal of myAva is to bring the tools of precision health and principals of an LHS to women's healthcare, starting with the polycystic ovary syndrome (PCOS) community. Women with PCOS have often been neglected and forgotten by the healthcare system and myAva aims to give patients and providers the necessary tools and information to promote the best standard of care.
| The Complexity of PCOS
PCOS is a chronic and serious health condition with genetic underpinnings 2 and involves a complex array of endocrine, metabolic, psychological, and dermatologic features. This lifelong condition affects approximately 116 million women worldwide. 3 PCOS is the leading cause of infertility and is the most common endocrine disorder in women of reproductive age. Women with PCOS suffer from a vast number of chronic health symptoms that have a significant impact on quality of life. 4, 5 Women with PCOS have a significantly increased risk for cardiovascular disease, endometrial cancer, obstructive sleep apnea, and diabetes. In fact, 50% of women with PCOS will develop diabetes by the time they are 40 years old. 6 It is a poorly defined disorder with a complex pathophysiology and a wide variety of clinical presentations making the diagnosis of PCOS problematic. Since first described in 1935 by Stein and Leventhal, 7 the syndrome has gone through a name change and a number of diagnostic criteria changes, which have generated vigorous debate among physicians, researchers, and patients alike. Despite the current name, not all women with PCOS present with polycystic ovaries. It is believed that millions of women are undiagnosed and that this out-dated name is an exacerbating factor. 8 As a result, a heated and controversial debate over a potential name change continues today. 9 Most medical professionals agree that early intervention is important 10 ; yet, 50% to 70% of women are undiagnosed or misdiagnosed, 11 making PCOS one of the most medically underserved patient communities. The economic burden to the United
States alone is estimated to be in excess of $4.36 billion dollars annually. 12 Currently, most healthcare providers focus on symptom management for issues such as infertility and diabetes. Treatment for PCOS is complex and without a comprehensive, multi-faceted, and personalized approach, women are often left on their own to deal with hirsutism, acne, hair loss, menstrual irregularities, and obesity. Even with treatment, women with PCOS suffer from a lower quality of life. 13, 14 A combination of gender, weight, and age bias has further confounded the inherent problems in diagnosing and treating women and girls with PCOS. Women have never, in the history of modern healthcare, had a role in the design, research, delivery, and reporting of healthcare that is equal to men. Weight bias is of particular concern to our patient population, as obesity has long been considered a hallmark of PCOS. Although there is some controversy, some US studies report obesity rates in women with PCOS of up to 80%. 15 Weight discrimination in the US has increased by almost 66% 16 in the past decade, with a greater frequency among women. 17 This obesity stigma has important ramifications as it has been shown that overweight women may delay care and screening [18] [19] [20] and receive lower quality of care than non-obese patients. 21 On the other side of the spectrum, because of the close association between PCOS and obesity, lean women face the opposite bias and some report having been denied screening for PCOS because they are not overweight. Ageism in healthcare is a growing topic of discussion and women with PCOS are at risk of experiencing age bias at both ends of the spectrum. PCOS symptoms are often present even before the onset of puberty, 22 and quality of life is lower for these young girls with PCOS than their same-age peers. 23, 24 Because of the extreme focus on fertility in this patient population, a common complaint within the PCOS community 
| Survey of Members of the PCOS Community
Historically, decisions about patients have been made without the involvement of patients. 28 Our first step in development of the myAva platform was to survey the PCOS community. We partnered with the leading PCOS patient support organization, PCOS Challenge, to launch an email campaign in the Atlanta, Georgia, area. ; however, according to our survey, women who received a diagnosis were either given no information or were simply given a brochure explaining their condition. In fact, women with PCOS often learn about the syndrome themselves after many years of searching for answers and then present this information to her physician. For example, 1 patient recognized her lifelong medical problems while in her 40s while reading a woman's magazine. Another patient was watching an episode of a popular weight loss-related television program and recognized her symptoms immediately. Both women presented their findings to their physician, which eventually led to their diagnosis. All of our respondents revealed they felt a need to self-educate and self-advocate, and many women indicated that the information they found most useful came from patient advocacy websites 30 rather than a healthcare provider.
| Creation of Patient Advisory Board
The email campaign also invited women to participate on a patient advisory board, who would be the pilot group for the myAva Precision 
| Recruitment of a Medical Advisory Board
Another key step in the development of the myAva precision health platform was the recruitment of a medical advisory board. An active, enthusiastic, and distinguished medical advisory board was recruited from the author's global network of healthcare providers. Members of the medical advisory board include both medical and naturopathic doctors with various specialties, such as integrative medicine, obstetrics and gynecology, microbiomics, and extensive expertise in PCOS.
These advisors provide commentary, direction, and insight to the myAva scientific team and enhance the expertise of our healthcare providers. The medical advisory board has provided critical guidance to the myAva team in supporting physicians as they adopt these changes into their practice. All the members of the medical advisory board are excited by the innovation happening in healthcare and are motivated to shape the future of healthcare for women.
| myAva Precision Health Program
To achieve our objectives to deliver timely care to women, as well as to build a comprehensive molecular model of each patient through a diverse set of diagnostic testing, we followed a multistep process.
Two group appointments were held where blood, urine, fecal, and vaginal samples were collected from the participants. With no single laboratory able to conduct all of the analysis, we distributed samples to labs across North America. Each data set was analyzed; however, the overall challenge with aggregating this much data is that it exists in different formats and needs to be transformed into a consistent machine-readable format. Because different data sets were ready for delivery within different time intervals, we broke the analysis down into immediate, mid-term, and long-term components. With myAva still under development, we had the opportunity to figure this out in real time. A mini-diagnostic panel was designed to enable the immediate delivery of care to the participants. As the data became available, the care team along with the scientific support team delivered the results to the patient. During the consultation with the physician, results were reviewed and an action plan implemented, which included 
| myAva Precision Health Platform
The objective of the myAva Precision Health Platform is to improve the experience of diagnosis, treatment, and prevention for women by providing women and providers access to the information they need, when they need it, and in the format they prefer. In addition, providers are given the tools and intelligence to create an treatment plan for their patients by bringing their own insight, experience, and expertise together with the data.
A personalized health dashboard that can be accessed by both the patient and provider helps achieve this aim. The individualized data available through the myAva dashboard are carefully organized and can be viewed by patients and providers in a variety of relevant ways, Over time, the myAva platform will collect data from a large number of women who can then be tracked and analyzed and thus bring clarity to the complexities related to the pathophysiology of PCOS. With research lacking and traditional methods of discovery being slow and tedious, and FIGURE 3 myAva: a model for precision health. As data inputs are collected and curated over time, patients and providers can work together to formulate a personalized treatment plan, taking into consideration the results of other women who have implemented similar treatment options.
The results of the treatment plan are monitored and recorded over time and added to a database of shared knowledge. This process is repeated to provide continuous improvement of healthcare to the individual and the community taking years to find their way the clinic, myAva implements a big data approach to improving healthcare. This approach has the potential to alter the future of diagnosis, care, and treatment guidelines for the PCOS patient population in near real time.
Furthermore, deep learning has the potential to uncover and remove biases and drive the integrity of the LHS. An interesting example was uncovered by John Hopkins Hospital when designing their blood clot prevention protocol; they accidentally discovered that checklists removed gender bias completely. 34 Such stigma and bias reduction strategies are being pursued and built into the design of myAva, including steps, reminders, and checklists, and suggested actions to enhance a provider's ability to diagnose, treat, and care for a patient with a goal to remove hidden biases that could potentially affect decision making. The overall sentiment is that there is strong value in having such comprehensive data to aid clinicians in the delivery of patient care.
| RESULTS

Precision health is in its infancy
| Patient Empowerment and Engagement
One major goal of myAva is to empower women to be their own advocate. In order for a patient to advocate for herself, it is critical that she have access to her own healthcare data. this could lead to new discoveries that will benefit not only them, but also the entire PCOS "cysterhood."
| Patient Engagement and Improved Health Outcomes
The world of healthcare is increasingly data driven, 35 and patients have begun to demand access to their health data. Although substantial measures have been taken to increase patient access to data, 36 the best healthcare does not end at merely giving patients their data. The mere act of "giving" is paternalistic. "To give" means to bestow, to accord, to allow, to grant, to offer, to present. 37 Giving data is not enough and is not empowerment. Data is the starting point and needs to be turned into actionable intelligence in the form of a treatment plan.
Women on the patient advisory board expressed an increased level of responsibility for their own health outcomes, especially in implementing myAva's Precision Nutrition Plan. Women with PCOS have typically tried multiple diet trends usually with limited success. Having a plan personalized to them and tied to their molecular profile empowers women by giving them a roadmap for success beyond just weight loss.
| Increased Provider Empowerment
Through the myAva platform, providers are given the tools and intelligence to create an action plan for their patients by bringing their own insight, experience and expertise together with the data. This is an opportunity for an LHS, like myAva, to empower providers with the knowledge they need to deliver optimal care for patients in real time.
In fact, when asked what they felt was the biggest challenge faced by PCOS patients, 57% of respondents surveyed commented that it is the lack of physician knowledge and understanding. One respondent described her healthcare experience as a "battlefield" she had endured for 10 years. Improving provider confidence in delivering care is an important concept for myAva. For example, in a study that looked at obesity, only 56% of physicians felt qualified to treat obesity. 38 With a significant number of PCOS patients struggling with obesity, myAva will provide the information, knowledge and tools with an aim to increase physician confidence in treating obese patients.
There is no doubt, however, having this much data, some of it unfamiliar, has raised additional questions that requires deeper exploration by providers. Providers require support to begin delivering precision health and 2 of the major limitations to delivering this type of care are the increased consultation time required and the current incentive model is not well suited to precision health. Initial consultations delivered to myAva's patient advisory board members took up to an hour; however, our providers believe that as they become more accustomed to this new model, their proficiency will increase and the clinic will develop a new cadence, potentially involving other members of the clinical team. In addition, as the LHS begins to take over more of the patient education and creates efficiencies, we anticipate further reductions in provider time spent. In the meantime, myAva is working closely with providers to understand the barriers they face and supports physicians every step of the way as they adopt the changes into their practice.
| Community Support
Women with PCOS often feel isolated because of the lack of understanding of their health condition, even among family and friends, and often do not know other women who face the same day-to-day challenges. Recognizing the benefit of a PCOS "Cysterhood," myAva ensures that women have the opportunity to connect with an online PCOS patient community. For many of the women who attended our information meetings, it was the first time they had ever met another woman (affectionately nicknamed "cyster") who was facing the same challenges that their PCOS served up to them on a daily basis. 
| Payment Options and Challenges
Because wellness is not currently underwritten in the traditional sense, preventative medicine, including the myAva Precision Health Program, is currently a direct pay model. With advancements in technology, the cost of diagnostics is expected to decrease, ultimately reducing costs.
With wellness programs and health spending accounts emerging at the corporate level, employees are able to choose specific health and wellness products and services based on their own personal needs.
Along with a growing trend in prevention, the future outlook is for the emergence of wellness insurance to cover preventative treatments using precision health data. Until then patients who want access to integrative or precision health programs will continue to pay a subscription fee for this type of healthcare.
| CONCLUSION
An unprecedented transformation is underway as healthcare is being redesigned across the globe. A successful outcome requires a fundamental change in the way we view both health and care. Although the future remains uncertain, a formidable and strategic plan that involves sharing data, the collaboration of all stakeholders, and encompasses the values of an LHS will help to ensure success. The opportunity for maximum benefit exists at the intersection of an LHS and precision health. By personalizing healthcare we begin to eliminate the challenges and underlying biases of today and by embedding transformative strategies into the continuous learning loop of an LHS, we empower its users.
Although we are still in the early days, we have already noted significant improvements and uncovered interesting insights into the health of myAva's small group of PCOS patients. The potential for discovery is tremendous as we follow these women and many more over time. We expect discoveries and learning will accelerate and with deep learning will become more reliable, with improved accuracy and leading to optimized outcomes. With effective strategies in place, we believe precision healthcare delivered as an LHS will dramatically improve care for women with PCOS and beyond.
